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28
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PFCs
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PFCs PFCs
PFCs
PFCs
PFCs 25 LC-MSMS
ESI-
A. Zhao
Perfluorocompounds: 1900
PFCs
ppb
2 Y PFCs
PFCs 2
3
4)
8 PFOS POPs
Perfluorooctanoic acid PFOA
1
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1
PFOS PFOA PRTR
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PFOA

PFCs
PFCs
5-10)
PFCs
PFCs
PFCs
B.
PFCs
PubMed Scopus
PFCs
dietary intake food
2011 3 2017 1
PFCs LC-MSMS
PFCs
1
18

2 17 12
3 12 3
Perfluorooctanesulfonamide: PFOSA
Sodium dodecafluoro-3H-4,8-dioxanonanoate:
NaDONA 6:2 chlorinated polyfluorinated ether
sulfonate : F-53B

LC Waters Acquity
H Class/PDAel MS Waters
Xevo TQD 20 mM
A/
B A/B 90/10 2
27 A/B 50/50 42
30/70 45 5/95
GL
Inertsil C8-4HP 2.1x100mm 3 um
40 0.2 mL/min
SuL
MS
ESI

Capillary voltage: 2.0 kV

Extractor voltage: 3V

RF lensvoltage: 2.5V

Source temperature: 150°C

Desolvation temperature: 400°C
Cone/desolvation gas flows: 50/800 L/hr
M S/daughter scan ranges. m/z 50 to 1200
Cone voltage: 15-50V

Collision energy: 15-50 eV

C.
C.L
PFCs
2006
2006

Stahl
n=157

n=162



17 PFCs PFOS 127
ng/g 80 ng/g
1) PFOS
100%
PFDA 92.4% PFUdA
90.4% PFDoA 75.8%
11)
PFCs
12)
Hamilton Ontario,
Canada PFCs 15
PFOS 10
1000 ng/g 13
PFCs
Lake Mohne, Sauerland
PFCs 6 PFOS
150 ng/g
Lake Mohne
3 14)
PFCs 14

19  PFHpA PFOA PFNA PFDA

PFHXS PFOS

PFPeA
PFOS

15)

Catadonia

PFBS
PFOA

105

PFCs 18
9 PFPeA PFHXDA  PFOCDA
PFOS
41.3%
PFOA PFHpA PFHXS PFDA PFDS
16)
mainland
PFOS 0.04 0.18 ng/g
) Riviére
PFCs 16
'8 PFPA PFHpS PFDS
PFBA

PFBS PFHpA PFHXA PFHxS PFOA
PFOS PFDA PFDoA PFNA

PFOA PFOS PFUJA PFHpA PFHxA
18)

1999 2005
2010
PFCs 11
19)
2010
5 19)
PFCs
1999
2010 PFOS
PFHXS
20 2015 PFCs
29
PFCs
21)
PFCs 7
22)
PFOS 14 25pg/g PFDA 65 8.2
pg/y 2)  Siena
PFOS PFOA



12% 30.2 ng/g

23 Maggiore
PFOS 46.0 ng/g
24) PFCs
PFOS 97 ng/L
25)
PFCs
PFCs 17
%) PFOS
20.4 ng/lg Picarel
PFCs
26)
PFOS
20.4nglg 27
PFCs
27)
PFCs
PFCs
PFOS > PFUdDA >
PFNA > PFOA
28) PFUdDA
250 pa/g 170 pg/g
%) PFOS PFOA
PFCs 14
PFCs
2.9+2.2 ng/g

29)

PFCs

30)

High North Research Centre for Climate and
the Environment

2010 2011
20 PFCs 8
3D PFOA
33.8%
4.1 121 pgl/g PFHXA
3.7 52 pg/g 23.8%
PFOS
11.3% 4.3 50.2 pg/g
PFOS PFOA
PFHXA
31)
PFCs 21
%2) FPOS
0.98 2600
ng/kg
> >> /
> > >>
>> / >
%) PFCs 12
3 2PFCAs
PFCAs (C6-C14) XPFSAs PFSAs
(C6-C10) XPFAAs PFCAs
PFSASs 7
33)
2 33)
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Zhao
PFCs 10
%) PFCs
80% /
100% /

80%
75%
PFCs
0.27 8.4ng/g 0.37
8.7 ng/g 34 2

Zhang 13

PFCs 10
35)
PFHxS 84%: <0.10-1.22 ng/mL
PFOS 100%: 0.25-29.8 ng/mL PFHXA
39%: <0.1-2.25 ng/mL PFHpA  23%:
<0.1-1.07 ng/mL PFOA 77%: <0.1-3.49
ng/mL PFNA  73%: <0.1-2.36 ng/mL
PFDA 51%: <0.1-2.48 ng/mL PFUNDA
74%: <0.1-2.17 ng/mL
PFHXxS 1%: <0.1-0.13 ng/g
PFOS 62%: <0.1-26.2ng/g  PFHxA 3%:
<0.1-0.97 ng/g PFHpA 25%: <0.1-0.32
ng/g PFOA 70%:<0.1-1.99ng/g PFNA
19%: <0.1-0.49 ng/g PFDA  22%:
<0.1-1.44 ng/g PFUNDA 57%: <0.1-2.94

ng/g PFDoDA 9%: <0.1-0.39 ng/g
35)

TDI
35) 6
Wu n=47
n=45 PFCs 13
36)
PFOS 38%
38% <0.0014 1.627ng/g

PFOA <0.0014

7.543 ng/g 36)

37)

SPFAAs =
PFBS+PFHXS+PFOS+PFDS+PFHPA +PFOA+
PFNA+PFDA +PFUNDA+PFDOA

96.2% 304
ng/g %)
37)
PFCs 14 PFOS
0.0260 70.7 ng/g %)
He
PFCs
8
2XPFCs =
PFBA +PFHXA+PFOA +PFNA+PFDA +PFOS+
PFUNDA+PFDoDA 201 438 ng/g
39)
PFCs
PFCs

6:2 chlorinated polyfluorinated ether sulfonate
F-53B

40-42)

397 66
PFCs 16
XPFAAs =
PFBA+PFPeA+PFHXA +PFHpA+PFOA+PFN
A+PFDA+PFUNDA+PFDODA+PFTIDA+PFT
eDA+PFBS+PFHXxS+PFHpS+PFOS+PFDS

2.34 ng/g 1.61 ng/g
0.85ng/g 0.57 ng/g
4 PFOS 46.5%
PFCs PFUNDA
23.1 80.8% 43)
PFCs



PFCs 16
44)
n=306 PFOA 0.771-23.0 ng/mL
PFHXA ND-7.83 ng/mL PFNA ND-8.65
ng/mL  PFDA ND-4.89 ng/mL  PFHXS
ND-853ng/mL PFHpA ND-2.45ng/mL
PFOS ND-49.3ng/mL  PFUndA ND-4.89
ng/mL
0.016-1.58 ng/g

6 “
44)
Cc2
PFCs
PFCs 3
European Food Safety Authority
(EFSA) TDI PFOS
150 ng/kg / PFOA 1500 ng/kg
/ 2006 2012
54,194
3.5% PFOS 0.3%
PFOA 42) PFCs
ng/kg /
45)
TDI 5%
C.3. PFCs
LC-MS/MS
1 PFCs
MS MSMS
7
GL

Inertsil C8-4HP MRM

PFCs

PFOA

PFCs

EFSA
PFOA  TDI
5%

PFCs

PFCs

PFCs 7

PFCs

LC-MS/MS

15

FPCs

TDI

PFOS

LC-MS/MS

PFCs

25

PFOS
F-53B
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1.

Analytes MW, Brand Purity Precursorion [M-H] cone woltage (V) Quantitative ion (m/z) Qualitative ion (m/z ) collision energy (eV)
PFPrA C,FsCOOH 164 TCI >98.0% 163.1 25 68.8 1186 20
PFBA C;F,CO0OH 214 TCI >98.0% 2131 20 169.1 2131 10
PFPeA C4FyCOOH 264 TCI >98.0% 263.2 15 219.0 no 10
PFHXA C;F,COOH 314 Wako Unknown 313.2 20 269.1 1188 10
PFHpA CgF1sCOOH 364 fluorochem Unknown 363.1 20 319.1 363.1 10
PFOA C;FsCOOH 414 Wako >95.0% 4132 15 369.1 413.2 10
T-PFOA Technical grade
PFNA CgF7,COOH 464 fluorochem Unknown 463.2 20 419.2 219.0 15
ipPFNA  C;(CF)F,,COOH 464 Wellington L. Unknown 463.2 20 419.1 219.1 15
PFDA CyF1gCOOH 514 Wako Unknown 5133 20 469.1 219.0 10
PFUdA C4oF,COOH 564 Wako Unknown 563.3 25 519.1 319.2 10
PFDoA C41F,,COOH 614 Wako Unknown 613.3 25 569.1 269.1 10
PFTIDA Cy,F,sCOOH 664 Aldrich >97% 663.3 30 619.1 269.2 10
PFTeDA Cy3F,,COOH 714 fluorochem Unknown 7133 25 669.1 419.2 10
PFPeDA  C,,FxCOOH 764
PFHXDA C15F2;COOH 814 fluorochem Unknown 8134 30 769.1 469.2 10
PFHpDA C16FCOOH 864
PFODA Cy7FCOOH 914 Wellington L. Unknown 9134 35 869.0 2193 15
PFPIS C4F,SOH 250
PFBS C4FSO:H 300 Wellington L. Unknown 299.1 50 799 98.9 30
PFPeS  CFy,SOH 350
PFHxS CgF13SOH 400 Aldrich 98.0% 399.1 50 80.0 98.9 35
PFHPS  C,FisSOH 450 Wellington L. Unknown 4491 50 79.9 99.0 50
PFOS CgF1;SOH 500 TCI >98.0% 499.1 50 79.9 45
T-PFOS Technical grade
PFNS CoF1oSOH 550
iPPFNS  Cy(CFy)FsSOH 550 Wellington L. Unknown 549.1 50 80.0 130.0 50
PFDS CyoF2SOH 600 Wellington L. Unknown 599.1 50 80.0 99.0 45
PFUdS C1iF5SOH 650
PFDoS CoF»SOH 700 Wellington L. Unknown 698.8 50 799 98.9
PFOSA CgF17SO,NH, 499 Aldrich Unknown 498.1 50 78.0 no 30
NaDONA C¢F,0,HCO,Na 400 Wellington L. Unknown 377.1 40 250.9 84.8 10
F-53B C4CIF60S0:K 571 Wellington L. Unknown 531.1 45 350.9 82.9 25
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2. PFCs )
pg/g %
S PFCAs <LOQ-517 10.6 435 74 55 65 62 62 60 70
S PFSAs <LOQ-573 275 112 48 18 35 31 31 30 46
S PFAAs <LOQ-1090 126 99.9 78 55 67 69 62 60 77
Y PFCAs PFCs (C6-C14)
2 PFSAs PFCs (C6-C10)
2 PFAAs 12
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3.

PFCs

ng/kg /)
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Perfluorinated compounds in fish and blood of anglers at
Lake Mohne, Sauerland area, Germany

Levels of perfluorinated compounds in food and dietary
intake of PFOS and PFOA in the Netherlands

Human dietary exposure to perfluoroalkyl substances in
Catalonia, Spain. Temporal trend

Food risk assessment for perfluoroalkyl acids and
brominated flame retardants in the French population:
results from the second French total diet study

Dietary exposure to perfluoroalkyl acids for the Swedish
population in 1999, 2005 and 2010

Perfluoroalkyl acids and their precursors in Swedish
food: the relative importance of direct and indirect
dietary exposure

Occurrence of selected perfluorinated alkyl acids in
lunch meals served at school canteens in Italy and their
relevance for children”s intake

Fish consumption as a source of human exposure to
perfluorinated alkyl substances in Italy: analysis of two
edible fish from Lake Maggiore

Perfluoroalkylated substances (PFASs) in home and
commercially produced chicken eggs from the
Netherlands and Greece

Polychlorinated biphenyls (PCBs), polybrominated
diphenyl ethers (PBDEs) and perfluorinated alkylated
substances (PFASs) in traditional seafood items from
wastern Graenland

Perfluorinated alkylated substances in vegetables
collected in four European countries; occurrence and
human exposure estimations

Occurrence of perfluoroalkyl substances (PFASs) in
various food items of animal origin collected in four
European countries

Occurrence of perfluorinated alkylated substances in
cereals, salt, sweets and fruit items collected in four
European countries

Risk assessment for human consumption of
perfluorinated compound-contaminated freshwater and
marine fish from Hong Kong and Xiamen

Perfluorinated compounds in human blood, water, edible
freshwater fish, and seafood in China: daily intake and
regional differences in human exposures

Perfluorinated compounds in seafood from coastal areas
in China

Bioaccumulation and distribution of perfloroalkyl acids in
seafood products from Bohai Bay, China

Tissue distribution of perfluorinated compounds in
farmed freshwater fish and human exposure by
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Occurrence and assessment of perfluorinated
compounds in fish from the Danjiangkou reservoir and
Hanjiang river in China

Foodstuff analyses show that seafood and water are
major perfluoroalkyl acids (PFAAs) sources to humans in
Korea
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